Neuroendocrine tumors are a heterogeneous group of neoplasms that arise from neuroendocrine cells. Primary renal neuroendocrine tumors are among the most unusual of all renal neoplasms, since neuroendocrine cells are not found within normal renal parenchyma. Here, a case of primary micro neuroendocrine tumor (about 4.7 mm*2 mm) arising in the horseshoe kidney with a cyst of a 45-year-old man was reported and a literature review was written.
Background
Neuroendocrine (NE) tumours include a heterogeneous group of neoplasms arising from NE cells, which are either present in endocrine organs or dispersed through the body, including the gastrointestinal tract, lung, kidney, ovary, testis, et al. The World Health Organization (WHO) classification scheme places neuroendocrine tumors into three main categories: well-differentiated, well-differentiated (low grade) and poorly differentiated (high grade) [1] . The classification of the NE tumours largely depends upon the anatomical site and organ of origin. NE tumours in the lung include four groups of neoplasms with diverse prognosis, i.e. typical and atypical carcinoid, large-cell NE carcinoma (LCNEC) and small cell carcinoma (SCC) [2] . A new classification system for the gastroenteropancreatic NE tumours considers the proliferative activity, with well-differentiated NE tumours and carcinomas being classified as grades 1 and 2, and poorly differentiated NECs are defined as grade 3 [3] . The neuroendocrine (NE) tumours are subdivided into two basic types as carcinoid tumour and neuroendocrine carcinoma in the urinary system and male genital organs. Carcinoid is a rare tumour and similar to its counterpart in other organs, such as lung or gastrointestinal tract. NE carcinoma is extremely rare and also similar to NE carcinoma arising in other organs, which is highly aggressive [4] . Carcinoid tumors in kidney are characteristically low grade malignant tumors with neuroendocrine differentiation. Primary renal neuroendocrine tumors are extremely rare in the world because neuroendocrine cells are not found in normal renal parenchyma, pelvis, and ureter. In the literature, the smallest neuroendocrine tumor is about 2 cm in all cases reported so far.
Clinical history
A 45-year-old Chinese man was found a microscopic hematuria incidentally by routine urine examination in a medical examination with no other associated symptoms, Computed tomography (CT) scans showed a cystic renal tumor in the left kidney. The patient looked well in appearance and had no specific matter in his medical or family history. There was no evidence of extrarenal invasion or distant metastasis. The horseshoe kidney and renal tumor on the left was revealed by CT. The tumor appeared a cystic mass with high density, about 3.9 cm*4.6 cm in diameter with calcification on plain film, and was obviously enhanced with contrast medium. Ultrasound showed a 4.38 cm*4.59 cm cystic mass in the medial side of the left kidney with unclear boundaries to adjacent organs and no significant color flow was found in the tumor. During the operation, the lower pole of the left kidney was found connected to the right kidney across the abdominal aorta, and the tumor was located close to the renal hilum of the left kidney. The patient underwent a left radical nephrectomy and partly ureter. The size of left kidney is 13 cm*8 cm*6 cm. The length of ureter is 7 cm. The cystic mass measuring 4 cm*4.2 cm*4.5 cm was surrounded by a capsule and the cyst was filled with friable blood clot.
Materials and methods

Histologic and immunohistological methods
The surgical specimen was fixed in 10% buffered formalin solution and embedded in paraffin. Histologic sections (4 μm thick) were assessed with hematoxylin and eosin stains. The immunohistochemical staining was performed using the streptavidin-peroxidase system (Ultrasensitive; MaiXin Inc., Fuzhou, China) according to the manufacturer's instruction. Heat-induced epitope retrieval was performed. Commercially available prediluted monoclonal antibodies against the following antigens were employed: NSE ( 
Results
Histologic findings
The histologic examination revealed two components. The first component was cystic spaces filled with the blood clots and was not lined by any epithelium. The tumor was located between the cystic spaces and the renal cortex, about 4.7 mm*2 mm (Figure 1) . The tumor cells showed the classical architectural pattern of trabecular nests admixed with solid nests within highly vascularized stroma. The tumor cells were largely polygonal with granular clear cytoplasm and indistinguishable cytoplasmic boundaries. The Nuclei were round to oval and uniform in size with rare mitotic figures (Figure 2) . We dissected the cyst carefully and did not found any more tumors.
Immunohistochemical Findings The tumor cells showed cytoplasmic expression of CK (pan) (dispersed). The tumor cells were positively stained for chromogranin ( Figure 3A ). Diffused and strong cytoplasmic immunoreactivity for synaptophysin ( Figure 3B ) were observed. The positivity for NSE was weak and focal ( Figure 3C ). Of interest, CD99 expression was diffused in this case ( Figure 3D ). And the cells were otherwise negative for Desmin and for Vimentin. Less than 1%of the neoplastic cells were positive for Ki-67. No immunoreactive neuroendocrine cell was detected in the nonneoplastic renal parenchyma and renal pelvis/hilum.
Discussion
Carcinoid tumors are low-grade malignant tumors with neuroendocrine differentiation that are occurring less frequently in the urogenital system. Since the first report of primary renal carcinoid tumor by Resnick in 1966 [5] , about 70 cases have been documented in the literature to date. The size of renal carcinoid tumor was 2-30 cm (mean 9.6 cm) in diameter [6, 7] . Only 13 cases of primary carcinoid tumor within a horseshoe kidney were found till today in the world. Here, we report a case of 4.7 mm primary micro neuroendocrine tumor (also called carcinoid tumors) arising within the horseshoe kidney. To our knowledge, this is a case of minimum primary renal neuroendocrine tumor presents on the horseshoe kidney. The primary renal Neuroendocrine tumors have been reported to arise most commonly in the setting of acquired and congenital renal abnormalities (as in the case herein presented), such as horseshoe kidney (18-26 %) [8, 9] , renal teratoma or teratoid malformation (15 %) [10] , and polycystic kidney disease (2 %). Krishnan et al. calculated a relative risk of 62 times for the occurrence of a renal carcinoid tumor in association with a horseshoe kidney [8] . The patient did not found any more tumors in the other organs, which sufficiently confirming the primitivity of this lesion. Accordingly, we concluded that it was another case of renal neuroendocrine tumor of minimum in size found in China.
Neuroendocrine tumors are thought to arise from neuroendocrine cells (NECs) or APUD cells. NECs have been described in the urinary bladder, urethra, and the renal pelvis, but NECs are not found within normal renal parenchyma [11] . So many hypotheses have been proposed for the coexistence of primary renal neuroendocrine tumors, including entrapped neural crest cells in the metanephros during embryogenesis [6] , neuroendocrine differentiation of a primitive totipotential stem cell [6, 7] , and hyperplasia of preexisting neuroendocrine cells within metaplastic or teratomatous epithelium [12] [13] [14] . The most popular hypothesis is the totipotent cell hypothesis, that primary renal neuroendocrine tumor arises from totipotential primitive stem cells capable of neuroendocrine, mesenchymal and epithelial differentiation. A recent study showed that primary renal neuroendocrine tumor was absence of the expression of PAX-2 (paired box gene 2) and PAX-8 (paired box gene 8), which are thought to be renal cell lineage specific transcription factors. It may support the theory that these are derived from non-nephrogenic elements [15] .
Carcinoid tumorlet has been discribed as a precursor lesion for diffused idiopathic neuroendocrine cell hyperplasia of pulmonary neuroendocrine tumors (typical carcinoid tumors that measurement ≤5 mm), In this case, the tumor was 4.7 mm in maximum diameter, and the patient had no lymph node metastases and systemic endocrine syndrome. Therefore, we considered that this case met the diagnosis of renal carcinoid tumorlet.
The primary treatment for the renal neuroendocrine tumor within a horseshoe kidney is the complete surgical resection, which is curative for localized disease. There was no evidence of recurrence at 8-month followup. Further follow-up is needed to evaluate the prognosis of the patient.
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